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(54) Abstract Title 

A roll control system for a motor vehicle 



(57) A roll control system (20) comprises a torsion bar (22); two hydraulic actuators (24) attached to each end 
(28) of the torsion bar and attachable to each of the wheels; and an electronic control unit (26) monitoring one 
or more predetermined vehicle operating conditions; wherein each hydraulic actuator is of the piston-cylinder 
type which includes an additional floating piston (70) which defines a gas chamber (38) containing pressurised 
gas acting on the hydraulic fluid in the compression chamber (30), a compressible spring means (80) biasing 
the piston towards the compression chamber, and an electrically operated valve (36) between the compression 
chamber (30) and the rebound chamber (32) and actuated by the control unit dependent on the monitored 
conditions^ the valve being actuable between a two-way position in which the valve allows hydraulic fluid to 
flovy between the compression chamber and the rebound. chamber and a one-way position in which the valve 
allows hydraulic fluid to flow from the compression chamber Into the rebound dhartiber only. 
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2351951 

I 

A ROLL CONTROL SYSTEM FOR A MOTOR VEfflCLE 

Technical Field 

The present invention relates to a roll control system for a 
motor vehicle, and in particular to a semi-active roll control system. 

Background of the Invention 

In order to prevent excessive rolling (which has an unpact on 
vehicle attitude and handling) of a motor vehicle, especially during cornering, 
it is known to provide a torsion bar between the front wheels of a motor 
vehicle, and, in some cases, a siecond torsion bar between the rear wheels. 
However, during straight line motion of a vehicle and when the vehicle is off- 
road, the torsion bar can have a detrimental effect on comfort and wheel 
articulation. Semi-active roll control systems have been proposed which 
monitor various vehicle conditions. Such roll control systems include a 
locking device associated with the torsion bar and the wheels. When the 
sensed vehicle conditions indicate roll control is not required, the locking 
device is unlatched to effectively disconnect the effect of the torsion bar 
between the wheels. When die sensed vehicle conditions indicate that roll 
control is required, the locking device is latched to connect the wheels by way 
of the torsion bar. The latch position of the locking device determines the 
overall effect of the torsion bar on the wheels, and hence determmes the level 
of roll control on the vehicle. In certain circumstances, it is possible to latch 
the torsion bar in the wrong position. 



Summary of the Invention 

The object of the present invention is to lessen the risk and 
problems of potential incorrect latching. 

A roll control system in accordance with the present invention 
for installation between axially aligned wheels of a motor vehicle comprises a 
torsion bar; a first hydraulic actuator attached to one end of the torsion bar 
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and attachable to one of the wheels; a second hydraulic actuator attached to the 
other end of the torsion bar and attachable to the other wheel; and an 
electronic control unit monitoring one or more predetermmed vehicle 
operating conditions; wherein the first and second hydraulic actuators are 

5 substantially identical, each coraprismg a compression chamber containing 
hydraulic fluid, a rebound chamber containing hydraulic fluid, a movable 
piston between and fluidly isolating the compression chamber and the rebound 
chamber, a piston rod connected to the piston and extending through the 
rebound chamber, a gas chamber containing pressurised gas acting on the 

10 hydraulic fluid in the compression chamber, a compressible spring means 
biasing the piston towards the compression chamber, and an electrically 
operated valve between the compression chamber and the rebound chamber 
and actuated by the control unit dependent on the monitored conditions, the 
valve being actuable between a two-way position in which the valve allows 

15 hydraulic fluid to flow between the con5)ression chamber and the rebound 
chamber and a one-way position in which the valve allows hydraulic fluid to 
flow from the compression chamber into the rebound chamber but not from 
the rebound chamber into the compression ^ 

In the present invention, the net force within each hydraulic 

20 actuator is such as to tend to move the piston in each hydraulic actuator to a 
full compression position in which the volume of the associated compression 
chamber is at a minimum. If the control unit acttiates the valve of one of the 
hydraulic actuators for roll control, when the associated piston is not in the 
full compression position, the net force will gradually move the piston towards 

25 fuU compression. Asaconsequence, the roU control system of the present, 
invention reduces the problem of latchmg the torsion bar in an incorrect 
position. 
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Brief Description of the Drawings 

The present invention wUl now be described, by way of 
example, with reference to the accompanying drawings, in which:- 



Figure 1 is a schematic view of a motor vehicle having a roll 
control system in accordance with the present invention; 

Figure 2 is a perspective view of the roll control system of 

Figure 1; and 

Figure 3 is a cross^sectional view of one of the hydraulic 
actuators of the roll control system of Figure 2. 

Description of the Preferred Embodiment 

Figure 1 shows an outline of a motor vehicle 10 having a pair 
of front wheels 12 and a pair of rear wheels 14. Each wheel 12,14 is rotatably 
mounted on an axle 16 and attached to the body of the motor vehicle 10 by 
way of a suspension unit 18. A roll control system 20 in accordance with the 
present invention is connected between the front wheels 12. A substantially 
identical roll control system may be connected between the rear wheels 14. if 
desu-ed. 

Referring to Figure 2, the roll control system 20 comprises a 
torsion bar 22, first and second hydraulic actuators 24, and an electronic 
control unit 26. The hydraulic acto 24 are substantially identical. Each^ 
hydraulic actuator 24 is mounted between an end 28 of the torsion bar 22 and 
one of die suspension units 18. In general terms, and as shown in Figure 3, 
each hydraulic actuator 24 comprises a compression chamber 30 containing 
hydraulic fluid, a rebound chamber 32 containing hydraulic fluid, a movable 
piston 34 between (and fluidly isolating) the compression chamber and the 
rebound chamber, a piston rod 58 connected to the piston and extending 
through the rebound chamber/an di^tn^ vSve 36 between ltiici" " 

fluidly connecting) the compression chamber and the rd)ound diamber, a 
compressible sprmg 80 biasing the piston towards the compression chamber, 
and a compressible gas chamber 38 associated wiA the compression chamber. 

The position of each piston 34 is dependent on the position of 
the associated end 28 of the torsion bar 22 relative to the associated 
suspension unit 18. When the hydraulic actuator 24 is substantially in full 



compression, tlie volume of the compression chamber 30 is at a predetermined 
minimum. The desired position of each hydraulic actuator 24 during roll 
control is fiiU compression, when there is substantially no torque in the torsion 
bar 22. 

The valve 36 is movable between a opc-way position allowing 
fluid flow from the compression chamber 30 into, but not out of. the rebound 
chamber 32; and a two-way position aUowing fluid flow in either direction 
between the compression chamber 30 and the rebound chamber 32. The valve 
36 is preferably biased to the one-way position and is electrically connected to 
the control unit 26 by electrical leads 40. 

The compressible gas chamber 38 contains a pressurised gas 
which acts on the hydraulic fluid in the compression chamber 30. Due to the 
static pressure exerted by the pressurised gas in chamber 38, there is a force 
exerted within the hydraulic actuator 24, which is proportional to the cross- 
sectional area of the piston rod 58 within the rebound chamber. The net force 
of die pressurised gas and the spring 80 is such as to bias each hydraulic 
actuator 24 towards fiiU compression. 

The OTniTol unit microprocessor which 

receives signals from one or more sensors (such as a vehicle speed sensor 42, 
a transmission speed sensor 44. a steering wheel angle sensor 46, and/or a 
driver preference switch 48) monitoring certain vehicle conditions and/or 
driver preference. The control unit 26 controls the movement of the valve 36 
between the one-way position and the two-way position dependent on the 
signals received from the sensors, and may also actuate an alarm, such as a 

warning light 50. inside the vehicle lO during certain monitored conditions. 

When the control unit 26 determines that no roll control is 
required (typically during straight line motion of the vehicle 10 when off- 
road), the valves 36 are actuated to their two-way position such diat hydraulic 
fluid can freely flow between the compression chambers 30 and the rebound 
chambers 32 in each hydraulic actuator 24. The pistons 34 are therefore free 



5 



to float within each hydraulic actuator 24, and the torsion bar 22 is 
substantially disconnected from the front wheels 12. 

When the control unit 26 determines that roll control is 
required, the valves 36 are moved to their one*way position to substantially 
5 prevent fluid flow from the rebound chamber 32 to the compression chamber 
30 in each hydraulic actuator 24. The pistons 34 m each hydraulic actuator 24 
are therefore effectively latched to prevent extension of the hydraulic actuators 
24 due to the conditions sensed by the control unit 26. In this situation, the 
position of the torsion bar 22 relative to the front wheels 12 is effectively 

10 locked to provide the desired roll control for the vehicle 10. As mentioned 
above, the desired position for each hydraulic actuator 24 is fiill compression. 
If, however, one of the pistons 34 is latched such that the associated hydraulic 
actuator 24 is not in fiiU compression, the torsion bar 22, the pressurised gas 
in chamber 38, the spring 80, and any road irregularities, will exert a net 

15 force on that piston. The effect of the net force is to push hydraulic fluid from 
the associated compression chamber 30 mto the associated rebound chamber 
32 by way of the valve 36 (which is set to allow fluid flow into, but not out 
of, the rebound cbaunber). Such marrangeinent allows the incorrectly latched 
piston 34 to gradually move to reduce the volume of die compression chamber 

20 30, and hence bring the hydraulic actuator 24 towards a full compression 
position. 

A preferred arrangement for each hydraulic actuator 24 is 
shown in Figure 3. Each hydraulic actuator 24 comprises a tubular inner wall 
52, and a tubular outer wall 54 substantially coaxial with the mner wall. The 

25 . piston 34 makes a sealing sliding-fit with the inner surface 56 of the inner wall " 
52. A piston rod guide 60 closes one end 62 of the inner wall 52. The 
reboimd chamber 32 is positioned within the inner wall 52 between the piston 
34 and the piston rod guide 60. The piston rod 58 is secured to die piston 34, 
extends dirough the rebound chamber 32, makes a sealing sliding fit with the 

30 piston rod guide 60, and is secured to one end 28 of the torsion bar 22. The 
other end 66 of the inner wall 52 is closed and secured to the suspension unit 



18. A floating piston 70 makes a sealing sliding fit with the inner surface 56 
of the inner wall 52 adjacent the closed end 66. The compression chamber 30 
is positioned within the inner wall 52 between the piston 34 and the floating 
piston 70. The compressible gas chamber 38 is positioned between the 
floating piston 70 and the closed end 66 of the inner wall 52. The valve 36 is 
located in the piston 34. The leads 40 from the control unit 26 pass along an 
axially extending bore 72 formed in the piston rod 58. The rebound chamber 
32 is fliiidly connected with the valve 36 by way of a first bore 74 formed in 
the piston 34. The compression chamber 30 is fluidly connected with the 
valve 36 by way of a second bore 76 formed in the piston. An annular 
member 82 is anached to the piston rod 58 externally of the piston rod guide 
60. One end 64 of the outer wall 54 is secured to the annular member 82. 
The other end 68 of the outer wall 54 is bent radially inwards towards the 
inner wall 52 to define a first shoulder 84. The piston rod guide 60 has an 
extension 86 which extends radially outwards towards die outer wall 54 to 
define a second shoulder 88. The spring 80 is a helical compressible spring 
which is positioned bttween the inner and outer walls 52.54 and extoids 
between the first and second shoulders 84,88. Durjng extension of 
hydraulic actuator 24, the spring 80 is compressed as the first and second 
shoulders 84,88 move towards one another. The spring 80 therefore biases 
the hydraulic actuator 24 towards the fiiU compression position. An annular 
stop member 90 is secured inside the inner wall 52 between the piston 34 and 
the floating piston 70. The stop member 90 is engaged by the piston 34 when 
the hydraulic actuator 24 reaches the full compression position and hence 
defines the predetermined fun compression position. An annulM^ 
member 92 may be positioned between the stop member 90 and the piston 34. 

Alternative arrangonents for the above described arrangement 
for each hydraulic actuator 24 may be used. For example, the valve 36 may 
be located at any other suitable position rather than in the piston 34. 
Dependent on die location of tiie valve 36 in the piston 34, one or both of the 
bores 74,76 may be omitted. The mounting arrangement of the hydrauUc 
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actuator 24 may be reversed with the piston rod 58 attached to the suspension 
unit 18 and the inner wall 52 attached to the torsion bar 22. The compressible 
gas chamber 38 may be located at any other suitable positioned withm the 
hydraulic actuator 24. The second shoulder 88 may be defined by an outward 
5 extension of the inner wall 52 rather than the outward extension 86 of the 
piston rod guide 60. The stop member 90 may be omitted, with the full 
compression position determined by the annular member 82 on the piston rod 
58 engaging the piston rod guide 60. In this latter arrangement, the annular 
elastomeric member 92 may be positioned between the annular member 82 

10 and the piston rod guide 60. The outer wall 54 and compressible spring 80 
may be omitted and replaced by compressible sprmg means positioned inside 
the inner tube 52, and possibly associated with the stop member 90. 

The present invention provides a roll control syston 20 in 
which the hydraulic actuators 24 reduce problems associated with latching of 

15 the torsion bar 22 in the wrong position. Also, the hydraulic actuators 24 are 
self-contained hydraulic units and do not require external hydraulic 
connections, whidi allows easier installation of the roll control systm 20 in 
.. . the vehicle 10. 
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Claims 

1. A roll control system for installation between axially aligned 
wheels of a motor vehicle, the roll control system comprising a torsion bar; a 
first hydraulic actuator attached to one end of the torsion bar and attachable to 
one of the wheels; a second hydraulic actuator attached to the other end of the 

5 torsion bar and attachable to the oflier wheel; and an electronic control unit 
monitoring one or more predetermined vehicle operating conditions; wherein 
the first and second hydraulic actuators are substantially idcnrlcal, each 
comprising a compression chamber containing hydraulic fluid, a rebound 
chamber containing hydraulic fluid, a movable piston between and fluidly 

10 isolating the compression chamber and the rebound chamber, a piston rod 
connected to the piston and extending through the rebound chamber, a gas 
chamber containing pressurised gas actmg on the hydraulic fluid in the 
compression chamber, a compressible spring means biasing the piston towards 
the compression chamber, and an electrically operated valve between the 

15 compression chamber and the rebound chamber and actuated by the control 
unit dqpendent on the monitored conditions, the valve bemg actuable between 
a two-way position injvhk:h the valve allows hydraulic fluid to flow between 
the compression chamber and the rebound chamber and a one-way position in 
which the valve allows hydraulic fluid to flow from the compression chamber 

20 into the rebound chamber but not from the rebound chamber into the 
compression chamber. 

2. A roll control system as claimed in Claim 1 , wherein the 
valve of each hydraulic actuator is biased to the one-way position. 

3. A roll control system as claimed in Claim 1 or Claim 2, 
wherein each hydraulic actuator has a tubular inner wall and a tubular outer 
wall coaxial with the inner wall, the piston making a sealing sliding fit with 
the inner surface of the imer wall to define the compression diamber and die 

5 rebound chamber within die inner wall, wherein one end of the inner wall is 
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closed by a piston rod guide through which the piston rod extends in a sealing 
slidmg fit, and wherein one end of the outer wall is attached to the piston rod. 

4. A roll control system as claimed in Claim 3, wherein the 
spring means is a compressible helical spring positioned between the inner 
wall and the outer wall and in engagement with a shoulder formed at the one 
end of the inner wall and a shoulder formed at the other end of the outer wall. 

5. A roll control system as claimed in Claim 3 or Claim 4, 
wherein the gas chamber is positioned at the other end of the inner wall and is 
defined by a floating piston which makes a sealing sliding fit with the inner 
surface of the umer wall, the compression chamber being located between the 

5 piston and the floating piston. 

6. A roll control system as claimed in Claim 1 or Claim 2, 
wherein each hydraulic actuator has a tubular wall, the piston making a 
sealing sliding fit with the inner surface of the wall to define the compression 
chamber and thcTebound chamber within.the wall, wherem one end of the 

5 wall is closed by a piston rod guide through which the piston rod extends in a 
scaling sliding fit, and wherein the compressible spring means is positioned 
inside the walL 

7. A roll control system as claimed in any one of Claims 1 to 

6, wherein the valve of each hydraulic actuator is positioned in die piston of 

^■•■^ — -each- hydraulic-actuator. — ^ ^- ---- — — --^ 

8. A roll control system as clauned in any one of Claims 1 to 

7, wherein the control unit is a microprocessor which is electrically connected 
to one or more sensors mounted in the motor vehicle for monitoring the one or 
more predetermined vehicle operating conditions. 
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9. A roll control system as claimed in any one of Claims 1 to 

8, wherein the one end of the torsion bar is attached to the piston rod of the 
first hydraulic actuator, and the other end of the torsion bar is attached to the 
piston rod of the second hydraulic actuator. 

10. A roll control syst^ as claimed m any one of Claims 1 to 

9, wherein a stop member is positioned in the compression chamber which is 
engageable by tixe piston. 



11. A roll control system substantially as herein described with 
reference to, and as shown in, the accompanying drawings. 
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